Abstract Background/Aims: Thyroid cancer accounts for about 1% of all cancer cases. Multikinase inhibitors like sunitinib (S) have a promising potential in thyroid cancer therapy. Therefore, the principal aim of this study was to investigate the impact of sunitinib on the secretion of cytokines of follicular thyroid cancer cells. Method: The effects of irradiation (R), S, and their combination (R+S) on cytokine secretion by the human thyroid cancer cell lines ML-1 and CGTH W-1 were evaluated after two (d2) and four days (d4) of treatment. Results: Multi-
Introduction
With 1% of all malignancies, thyroid cancer is the most common malignant endocrine tumor [1] . It is a very heterogeneous group of tumors. Papillary thyroid cancer (PTC) and follicular thyroid cancer (FTC) can be classified as differentiated thyroid cancer (DTC) [2] . When appropriate treatment is given, the 10-year survival rate of minimally invasive serum levels of IL-8. Furthermore, it could be demonstrated that patients suffering from metastatic MTC showed increased serum levels of IL-8 and TGF-β compared to the healthy control group. Hence, IL-8 appears interesting as a therapeutic target and as a clinical biomarker.
Therefore, the principal aim of this study was to investigate potential biomarkers after irradiation, treatment with sunitinib and the combination of both therapeutic approaches in follicular thyroid cancer cells in vitro. Since overexpression of IL-6 and IL-8 has been associated with an inferior outcome in patients with rectal and colon cancer [19, 20] , it is of major interest to investigate these cytokines in follicular thyroid cancer cells and to examine whether sunitinib can influence their secretion in vitro.
Materials and Methods

Cell culturing of ML-1 and CGTH W-1
The human follicular thyroid carcinoma cell lines ML-1 [21] and CGTH W-1 [22] were cultured in RPMI-1640 medium containing 100 µM sodium pyruvate and 2 mM L-glutamine, supplemented with 100 U/mL penicillin and 100 µg/mL streptomycin (both Invitrogen, Eggenstein, Germany) and 10% FCS (Biochrom, Berlin, Germany) under standard conditions as previously described [23] . The medium for the chemotherapeutic treatment contains sunitinib in a concentration of 1 μmol/L as described by Piscazzi et al. [24] .
After reaching a subconfluency of 90%, culture flasks (Sarstedt, Numbrecht, Germany) were randomised to the following study groups (each n = 5): control cells (C), cells for sunitinib treatment (S), cells for irradiation (R), and cells for a combined treatment with sunitinib and irradiation (R+S). All cells/ supernatants were investigated at days 2 and 4 after irradiation/start of treatment with sunitinib. Control cells were investigated at the same time points.
Irradiation
For irradiation, X-rays generated at a dose rate of 3 Gy/min by a 6-MV linear accelerator (Primus, Siemens, Germany) were used as described previously [23, 25, 26] . The cells were cultured in T175 culture flasks. The focus-isocenter distance was 100 cm. The isocenter was in the centre of the cell medium. A plate of Perspex was above (thickness, 2 cm) and below (thickness, 2 cm) the tissue culture flasks to compensate for the buildup effect. The irradiation was delivered at room temperature by an anterior portal.
An equivalent of 30 × 30 cm was used for calculation of treatment time after dosimetric evaluations were performed to guarantee a homogenous dose distribution. We chose a sublethal dose of 30 Gy, comparable to those applied in radioiodine therapy, to achieve a maximal amount of apoptosis or necrosis [27] .
Cytokine measurements by Multi-Analyte Profiling technology
All supernatants were stored at -80 °C until tested. Quantification of secreted soluble factors was carried out by Myriad RBM (Austin, Texas, USA) using the Human CytokineMAP A Kit (see Tables 1+2) for Multi-Analyte Profiling [28] [29] [30] . The platform uses multi-level internal controls and uses a 4 or 5 parameter algorithm for curve fitting based on eight point standard curves for each analyte. Prior to multiplexing the platform has been validated individually for each analyte in terms of detection limit, precision, crossreactivity, linearity, spike-recovery, dynamic range, matrix interference, freeze-thaw stability, and shortterm sample stability. 165 VEGF levels were determined using an in-house, time-resolved immunofluorometric assay based on VEGF antibodies and recombinant VEGF from R&D Systems (Abingdon, United Kingdom) (unpublished). Cell culture supernatants were diluted 1:2 and analyzed in duplicate. Intra-assay coefficients of variation of standards, controls, unknown samples, and nonspecific background controls averaged < 5%. VEGF concentrations were determined using a 4-parameter standard curve fit implemented in WorkOut 2.5 Data Analysis software (Perkin Elmer Inc., Waltham, MA). Mean values were calculated and used for statistical analyses. Grosse 
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RNA isolation and quantitative realtime PCR
All cell culture flasks of each group were used for RNA extraction. RNA concentrations and quality were determined following routine protocols. Quantitative real-time PCR was carried out to determine the expression levels of the genes of interest (see Table 3 ). To design appropriate primers with T m ∼60 °C, Primer Express software (Applied Biosystems, Darmstadt, Germany) was used. All primers were synthesized by TIB Molbiol (Berlin, Germany). Details of the methods were previously published [31] [32] [33] .
Statistical Evaluation SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. All data are expressed as mean Table 3 . Primers used for quantitative real-time PCR. All sequences are given in 5'-3' direction values ± standard deviation (SD). Statistical analysis was performed using one-way ANOVA or the MannWhitney U test where applicable. Differences were considered significant at the level of p < 0.05.
Results
Impact of radiation and/or sunitinib on Vascular Endothelial Growth Factors
ML-1 cell line. Expression of the VEGFA gene remained unchanged in sunitinib (S)-treated cells at day 2 and day 4 compared with control cells. Irradiated cells in combination with S (R+S) exhibited a significant upregulation of VEGFA at both examined time points in comparison to control and S-treated cells (Fig. 1A) .
Expression of VEGFD (Fig. 1C) was significantly elevated at days 2 and 4 after S application compared with controls (C). Radiation induced a slight, but significant, increase of VEGFD compared with control cells. The effect of S was much more pronounced than the influence of radiation on VEGFD expression. The R+S treatment produced a further elevation of VEGFD expression at both examination days, but the effect was still lower than in the S group (Fig. 1C) .
VEGF 165 was elevated at day 4 in the S, R, and R+S groups compared to the controls. The amount of VEGF 165 protein was low at day 2 in control cells, but completely suppressed in all treatment groups at day 2 (Fig. 1E) . The R+S treatment reduced VEGF 165 secretion at day 4 compared with the S and R treatments.
FLK1 mRNA was only elevated at day 2 in radiated and S-treated cells, but it was unchanged in all other groups (Fig. 1G) , with the exception of day 4 in irradiated cells.
CGTH W-1 cell line. VEGFA mRNA levels were elevated by radiation, while S monotherapy had no effect. The R+S combined therapy reduced VEGFA expression significantly compared to R alone, but was unchanged compared with controls (Fig. 1B) . In the case of VEGFD, R+S significantly increased its mRNA levels (Fig. 1D) .
VEGF 165 was released in equal amounts on days 2 and 4 in the supernatants of CGTH W-1 cells; this secretion was suppressed by S and R+S (Fig. 1F) .
The FLK1 gene was downregulated at day 4 in control cells compared to day 2. S inhibited the expression of FLK1, while R and R+S upregulated FLK1 expression. The latter was slightly reduced again in comparison to the radiation therapy alone, and a significant downregulation of the gene was also found between days 2 and 4 in R and R+S-treated cells (Fig. 1H ).
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The influence of sunitinib and/or radiation on cytokines To obtain an overview of the soluble factors secreted by the tumour cells in the supernatant, MAP was performed to measure the following cytokines: GM-CSF, IFN-γ, For the other groups, either sunitinib (S), radiation (R) or the combination of sunitinib and radiation (R+S) were applied to the cells. Harvesting took place after two days (light grey) and four days (dark grey). * P < 0.05 vs. control, ** P < 0.05 vs. sunitinib, *** P < 0.05 vs. radiation, **** P < 0.05 vs. 2d. For the other groups, either sunitinib (S), radiation (R) or the combination of sunitinib and radiation (R+S) were applied to the cells. Harvesting took place after two days (light grey) and four days (dark grey). * P < 0.05 vs. control, ** P < 0.05 vs. sunitinib, *** P < 0.05 vs. radiation, **** P < 0.05 vs. 2d. (Table 1) .
IL-2, IL
In general, the cytokine concentrations followed a similar pattern. In most cases, the analytes increased between days 2 and 4, independently of the treatment. Moreover, a monotherapy with S showed in all investigated cytokines a reduced secretion of the proteins. Upon radiation, we found an elevation of the cytokines in ML-1 cells with the exception of IL-3, IL-4, MCP-1 and MMP-2 ( Table 1) . Levels of IL-8 were elevated above the detection limit (Fig. 2G) . The combination therapy showed reduced cytokine production at day 2 in comparison to the radiation group (Table 1) .
CGTH W-1 cell line. Cytokines GM-CSF, IL-3, IL-5, and MIP-1β were below the detection limit. This was partially also the case for IL-2, IL-10, IL-18, MIP-1α, TNF-α and TNF-β ( Table  2) .
CGTH W-1 exhibited an increased release of the cytokines between days 2 and 4, independently of treatment with the exception of IL-6, IL-7 and TNF-α. S treatment resulted in a reduced release of IFN-γ, IL-4, IL-7, IL-8, and MMP-2 at day 2. Radiation induced MIP-1α, TNF-α und TNF-β. IFN-γ and IL-4 showed no differences after radiation. IL-7 was reduced at both time points. MMP-2 was enhanced at day 4 after radiation. Combination therapy resulted in levels below the LDD for IL-10, MIP-1α and TNF-α at day 2 (Table 2, Fig. 3 ).
Impact of radiation and sunitinib on IL-6, IL-8 and MCP-1 ML-1 cell line. IL6
and IL8 mRNAs were suppressed in control and S-treated cells. Radiation elevated IL6 and IL8 expression at day 2 and strongly upregulated it at day 4 compared with C and S treatments. This effect was attenuated in R+S-treated cells at day 4 ( Figs. 2A and E) . In parallel, we detected an elevated release of IL-6 protein in the supernatant by radiation at day 2, which was more pronounced at day 4 post-radiation. Comparable to the gene expression, the release of IL-6 protein was reduced in R+S at days 2 and 4 compared to R (Fig. 2C ).
In addition, control cells released a high amount of IL-8 protein in the supernatant. This release was significantly inhibited by S. R induced a rise in IL-8 at day 2, which was further enhanced at day 4. Furthermore, an enhanced release was measured in R+S cells at day 4 (Fig. 2G) .
Expression of MCP1 was not significantly altered in S and R compared with controls. In the R+S group, MCP1 mRNA was downregulated at both days (Fig. 2I) . Release of MCP1 protein into the supernatant was significantly elevated in C, S and R at day 4 compared with day 2. S attenuated this release in the S and the R+S groups at both days. In addition, R induced a reduction at both days compared to the C group (Fig. 2K) .
CGTH W-1 cell line. IL6 and IL8 mRNA expression were suppressed in control cells, and IL6 was elevated in S-treated cells; both cytokines were elevated at day 2 and further significantly enhanced at day 4 in R cells. The combination therapy decreased the expression of IL6 and IL8 mRNAs at both days (Figs. 2B, 2F) .
Moreover, we investigated the secretion rate of IL-6 in the supernatant. Control cells showed a low secretion of the cytokine (below 15 pg/mL), but this rate was elevated by S at day 4. A strong increase of IL-6 (10-fold) was detected after radiation at both time-points, which was attenuated again by combined therapy (R+S group) (Fig. 2D ). IL-8 was released in high amounts in CGTH W-1 control cells. Initially, sunitinib decreased the amount of IL-8 in the supernatant, but at day 4 the secretion rate was enhanced again to a higher IL-8 level than at day 2. Radiation induced a strong increase of the cytokine, which was attenuated by the combined therapy (Fig. 2H) .
The mRNA expression of MCP1 was suppressed in the C and S group. Radiation therapy resulted in a strong elevation in MCP1 mRNA at both investigation days. In contrast, the combined therapy suppressed the mRNA level of this cytokine (Fig. 2J) . A completely different behavior was observed for the secreted soluble MCP1 protein. Sunitinib significantly elevated the amount of secreted MCP1 in the supernatant at day 4. Combined radiation and sunitinib application exerted no synergistic effect. In contrast, the level of MCP1 was less at day 2.
Impact of sunitinib and/or radiation on TNF-alpha and TNF-beta
Expression of TNFA was low in both cell lines and even suppressed by S in the CGTH W-1 cell line. R resulted in an increase of TNFA mRNA at day 2 and a further elevation at day 4 in both cell lines. The combined therapy reduced the gene expression at day 2 in ML-1 and CGTH W-1 cells. At day 4 we found a different result in both cell lines. In CGTH W-1 cells TNFA mRNA remained reduced, whereas in ML-1 cells the mRNA levels were elevated again (Figs. 3A, 3B ). Both cell lines secreted TNF-α into the supernatant. S significantly reduced the secretion rate of both cell lines. In both cell lines, R increased the amount of soluble TNF-α again, but this was more pronounced in ML-1 cells. R+S reduced this amount again (Figs. 3C, 3D) .
The TNFB mRNA was very low in control cells of both cell lines, but it was elevated in ML-1 cells by S. Radiation had no effects in ML-1 cells, but induced an increase in CGTH W-1 cells. The combined therapy induced an elevation of the TNFB gene expression in both cell lines at day 2, which was reduced again at day 4 (Figs. 3C, 3D ). TNF-β was secreted at low levels in ML-1 cells at day 2 and 4 and in CGTH W-1 cells at day 4. S suppressed this secretion at day 2 completely in both cell lines. At day 4, the secretion increased in ML-1 cells but not in CGTH W-1 cells. R+S induced a slight secretion in both cell lines comparable to the baseline secretion of the cells at day 4 (Figs. 3G, 3H ).
Discussion
The principal aim of this paper was to investigate the influence of irradiation and sunitinib in combination or as a single application on the release of cytokines by the human follicular thyroid cancer cell lines ML-1 and CGTH W-1. The ML-1 cell line was established Grosse et 
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from a poorly differentiated follicular thyroid carcinoma [21] , whereas the CGTH W-1 cell line originated from a sternal metastasis [22] . The CGTH W-1 cell line was extensively studied by our group [34] [35] [36] [37] . Moreover, Chang et al. [38] compared the IL-6 and TGF-β1 secretion of CGTH W-1 cells with their established Thena cells. The CGTH W-1 cell line is tumorigenous in nude mice and was molecular cytogenetically characterized by Foukakis et al. [39] . Other teams investigated the antitumor effects of arsenic trioxide on CGTH W-1 cells [40] or used the cell line for treatment with estrogen alone or estrogen and anti-estrogens [41] . Their data establish estrogen as being a key regulator of VEGF secretion/expression in thyroid cells which enhances the process of angiogenesis in thyroid cancer. VEGF inhibitors are innovative medications inhibiting a tumors supply of nutrients and, thus, lead to the death of tumor cells. This concept of cancer therapy is called neoangiogenesis inhibition [42, 43] . This targeted therapy inhibits the metabolism and growth signals of cancer cells. Sunitinib, an oral multityrosine kinase inhibitor, was used as a therapeutic agent because it showed beneficial effects in clinical phase II studies in patients with radioiodine refractory as well as medullary thyroid carcinomas [9] . A continuous application of sunitinib was effective in these patients [10] . Further studies supported these findings [44] . Sunitinib is a multitarget inhibitor with activity against the VEGF-receptor-2, PDGF receptor b, stem cell factor receptor (C-kit) and FLT3 tyrosine kinase signaling pathways [7] . Thus, blockade of several kinases successfully suppressed tumor cell proliferation and neoangiogenesis in tumor cells, endothelial cells and pericytes [45] . Moreover, Schueneman et al. [14] showed that sunitinib increased the radiation-induced cytotoxicity on endothelial cells, which was partly the result of an elevated apoptosis rate. As described by Piscazzi et al. [24] , sunitinib seems to target the cytosolic MAPK kinase (MEK)/ERK and stress-activated protein kinase/ c-Jun N-terminal kinase pathways in RET/PTC cell lines. One may suggest that blocking these pathways is part of the mechanism by which sunitinib exerts its direct antiproliferative activity. As the authors show, sunitinib is able to induce a similar inhibition of cell proliferation in TPC-1, ML-1, and WRO cells that is not dependent on a selective induction of apoptosis. This inhibition correlated with the accumulation of cells in the G0-G1 phase of cell cycle and the parallel inhibition of S phase. All sunitinib-sensitive thyroid cancer cell lines exhibited wild-type KRAS and BRAF genotypes.
Influence of irradiation and sunitinib on VEGF and VEGF receptors
To evaluate the treatment effects, the cells were collected at day 2 and 4 post-radiation and subsequently investigated by quantitative real-time PCR to measure the gene expression of VEGFA, VEGFD and FLK1. Moreover, we measured the release of VEGF 165 by both cell lines. Both cancer cell lines expressed VEGFA, VEGFD and FLK1 mRNAs. VEGF-A expression is correlated with thyroid cancer growth, recurrence and metastasis. It is possible that the substantial constitutive secretion of VEGF-A by ML-1 cells contributed to the recurrence, metastatic and invasive potential of the original tumor [21] .
Sunitinib in combination with radiation elevated VEGFA mRNA levels compared with control cells, but reduced the amount of VEGFA mRNA in CGTH W-1 cells compared to R. In contrast, FLK1 was only slightly expressed in ML-1 cells, but at day 2 the post-radiation and sunitinib applications resulted in a significant increase, which was not detectable at day 4. A similar result was found in CGTH W-1 cells in the R+S group. The basal levels of VEGF 165 secretion were distinctly lower in ML-1 cells. Earlier investigations have demonstrated that the ML-1 cell line is VEGFA-positive [46] . Sunitinib inhibited the VEGF 165 secretion after 2 days completely followed by increased secretion after 4 days. This was lower in the R+S group. The increased secretion of VEGF 165 after treatment with S, R or R+S may be physiologically important for the tumorigenic potential of ML-1 cells by stimulating angiogenesis and/or lymphangiogenesis. CGTH W-1 showed a different reaction. Sunitinib as monotherapy or in combination with radiation reduced the secretion rate.
A very interesting result was that VEGFD was clearly upregulated in irradiated as well as sunitinib-treated cells. VEGFD promotes lymphangiogenesis, which further supports metastasis in lymphatic vessels. Nersita et al. [47] had demonstrated a low VEGFD serum level in patients with metastasized, differentiated thyroid carcinoma, whereas high VEGFD level in patients were correlated with a positive outcome. One may suggest that an increased level of VEGFD after radiation and/or sunitinib is correlated with beneficial effects in patients. On the other hand, high serum VEGFD levels have been shown to be correlated with lymph node metastases in patients suffering from papillary thyroid carcinoma (PTC) [48] . Furthermore, Yasuoka et al. observed, that VEGFD expression in papillary thyroid tumors as well as in the K1 PTC cell line significantly coincided with neuropilin-2 expression and the occurrence of lymp node metastases [49] . In a phase II study with sunitinib-malat application to women with metastasized breast cancer and pretreatment with anthracylins and taxanes, an increase of plasma-VEGF, a decrease of soluble VEGFR and KIT were detectable [50] . Moreover, VEGFR1 (FLT1) mRNA levels were below the detection limit of the quantitative RT-PCR. Piscazzi et al. have published this result for the ML-1 cell line already in their recent manuscript [24] . In parallel, these authors [24] also demonstrated a lower level of VEGF2 in ML-1 cells. An increased intracellular signal transduction via VEGFR2, MAP kinases and Akt is an important characteristic of thyroid carcinomas and endothelial cells, and successful targeted inhibition of VEGFR2 in endothelial cells and potentially in thyroid cancer cells has been demonstrated [51] .
Effects of irradiation and sunitinib application on the expression of cytokines
IL-6 and IL-8 mRNAs were both strongly elevated in irradiated samples. Combined treatment of radiation and sunitinib induced a downregulation of both IL-6 and IL-8. Cytokines play a key role in the development and expression of epithelial tumors. Normal thyrocytes secrete both cytokines in the supernatant [52] . Reduced IL-6-expression was found in anaplastic thyroid carcinomas [53] . These results are in accordance with our previous data: high IL-6 and IL-8 levels induced an increased three-dimensional growth [54] . Therefore, the reduction of IL-6 and IL-8 with sunitinib therapy mainly in combination with radiation suggests beneficial effects of the substance in follicular thyroid carcinomas. A recent publication from Porta et al. demonstrated that a high IL-6 content is associated with an enhanced tumor progression in advanced renal cell carcinomas [55] . Zhu et al. showed a modulation of serumlevels of IL-6, IL-8, TNF-α after inhibition of tyrosine kinases with sunitinib in patients with hepatocellular carinoma correlating with the inflammatory cell changes [56] . Furthermore, Broutin et al. showed a reduction of IL-8-expression in a medullary thyroid cancer-xenograft mouse model at day 1 after sunitinib treatment [18] .
A similar result was found for the gene expression of MCP1 (Monocyte Chemotactic Protein 1) in the CGTH W-1 cell line. MCP-1 is a chemokine ligand associated with a more aggressive behavior in breast cancer patients [57] . Radiation therapy induced a significant elevation of the mRNA levels of MCP1. Sunitinib treatment clearly attenuated this effect in the radiation group. The ML-1 cell line showed a different behavior where we only detected a significant suppression in the expression of the MCP1 gene in the combined radiation and sunitinib groups. Little is known about MCP-1 and its importance for thyroid cancer. Tanaka et al. showed in 2009, that MCP1 expression in papillary thyroid cancer induces a more aggressive behavior and metastases [58] .
The tumor necrosis factor α (TNF-α) is a cytokine involved in the extrinsic apoptosis signaling process. It plays a key role in the regulation of immune cells. TNF-α and matrix metalloproteinase-9 are potential biomarkers for the sunitinib activity in patients with renal cell carcinoma [59] . Radiation induced an upregulation of TNFA in ML-1 cells, but sunitinib had no further influence on the TNFA mRNA content. A very interesting result was found for the CGTH W-1 cell line. Sunitinib induced a suppression of the TNFA gene, whereas radiation produced a significant upregulation of TNFA. Little is known about the impact of TNF-α in poorly differentiated thyroid carcinomas. In a phase II trial in patients with advanced and previously treated renal cell carcinoma, the monoclonal TNF-α antibody infliximab was used for therapy. The drug was very well tolerated and the response rate was 16% [60] . Grosse 
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Both poorly differentiated follicular thyroid carcinoma cell lines ML-1 and CGTH W-1 were investigated in this paper to evaluate the effects of sunitinib as a monotherapy or in combination with radiotherapy or radiotherapy alone.
We investigated the molecular mechanisms of the effects of sunitinib and radiation on human thyroid cancer cells. Furthermore, we used Multi-Analyte Profiling technology to measure soluble factors released by the cells in the supernatant. We have shown that sunitinib exerts a clear effect on gene expression and secretion of the cytokines IL-6 and IL-8. A striking finding was the enhanced VEGFD expression in sunitinib-treated cells in combination with radiation in both tumor cell lines.
The different response between the cell lines might be due to age and origin of the two patients from whom the cell lines were derived, molecular changes of the thyroid tumors and the following immortalization of the cells during establishment of the cell lines. A further aspect would be the radiation exposure of the patients. For the cell line ML-1 a previous exposure to radioiodine in the course of therapy of the patient is known, while the medical history of the patient from whom the CGTH W-1 cell line was obtained is unknown. Previous exposure of the primary tumors and metastases to radiation (radioiodine and/or external beam irradiation) could have led to molecular changes in the cells.
On the molecular side general differences between the cell lines are evident. ML-1, originating from a tumor relapse, has the ability to take up iodine and/or glucose and to secret thyroglobulin. Furthermore triiodothyronine is released constitutively into cell culture supernatant. The CGTH W-1 cell line has lost these abilities. Comparing cell lines and tumor cells of origin there retain some properties concerning genetics, epigenetics and gene expression, but evident differences are obvious. As described by van Staveren et al. and Saiselet et al. [61, 62] these differences might be the consequence of preselection of primary cells, dedifferentiation and Darwinian evolution in vitro. Furthermore, tumors and metastases are more heterogeneous than isolated tumor cells. A very interesting finding was the decreased secretion of soluble TNF-α in both cell lines after sunitinib application. In CGTH W-1 cells, the level was reduced below the detection limit. These results were mirrored by the RT-PCR results of CGTH W-1 cells.
In summary, these in vitro experiments suggest IL-6, IL-8, VEGFD and TNF-α as future biomarkers in thyroid cancer in the course of therapy and as clinical parameter for follow ups after thyroidectomy, histopathological confirmation of thyroid cancer and therapy with radioiodine, but these findings have to be confirmed in vivo. Because of a potential elevation of serum levels caused by inflammatory/autoimmune diseases these proteins are not suitable as screening method for patients with thyroid nodules. If a therapy with sunitinib in combination with radiation is beneficial for patients with advanced radioiodine-refractory thyroid cancer has to be proven in clinical trials.
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